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INFLUENCE  OF  MAGNETIC  SHEAR  ON  THE  CURRENT 
CONVECTIVE  INSTABILITY  IN  THE  DIFFUSE  AURORA 

I.  INTRODUCTION 

Recently,  the  current  convective  instability  has  been  suggested 
as  a  mechanism  to  explain  the  scintillation  enhancements  observed  by 
the  DNA  Wideband  satellite  in  the  high  latitude  diffuse  aurora  F  region 
(Ossakow  and  Chaturvedi,  1979).  These  enhancements  are  presumably  due 
to  field  aligned,  sheet-like  ionospheric  irregularities  (Rino  et  al . , 

1978)  generated  by  the  instability.  Associated  with  the  enhancements 
are  a  density  gradient  in  the  north-south  total  electron  content  (TEC) 
and  a  weak  magnetic  field  aligned  current  due  to  precipitating  auroral 
electrons  (Fremouw  et  al.,  1977 ;  Rino  et  al . ,  1978) ;  both  of  these 
features  are  necessary  to  excite  the  current  convective  instability 
(Kadomtsev,  1965).  Also,  the  dominant  modes  appear  to  be  in  the  north- 
south  direction,  i.e.,  parallel  to  the  density  gradient  (Rino  et  al . , 

1979) .  This  is  contrary  to  the  linear  theory  of  the  instability  which 
indicates  the  most  unstable  waves  are  perpendicular  to  both  the  ambient 
magnetic  field  and  the  density  gradient.  However,  Chaturvedi  and 
Ossakow  (1979)  have  proposed  a  nonlinear  mode  coupling  mechanism  which 
stabilizes  the  instability  and  nonlinearly  generates  waves  parallel  to 
the  density  gradient,  in  accordance  with  observations. 

In  this  paper  we  discuss  the  influence  of  magnetic  shear  on  the 
current  convective  instability  and  its  role  in  the  diffuse  aurora. 
Magnetic  shear  can  dramatically  affect  an  instability  as  witnessed  by 
the  controversy  over  its  role  in  the  universal  drift  instability  (Ross 
and  Mahajan,  1978;  Tsang  et  al. ,  1978).  The  primary  action  of  shear  is 
to  allow  the  mode  to  sample  a  range  of  kn  in  the  localization  region 
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(Mikhailovskil ,  1974  .  If  the  mode  is  sensitive  to  kjj,  as  is  the  cur¬ 

rent  convective  instability,  then  shear  can  have  a  strong  influence  on 
the  Instability  (generally,  stabilizing  and  localizing).  The  magnetic 
shear  in  the  auroral  region  is  produced  by  the  weak  field  aligned  cur¬ 
rent  and  its  scale  length  can  be  estimated  from  (V  x  JBq) *  (4ir/c)Jo||. 
We  define  the  scale  length  for  shear  as  Lg  ■  (c/4ir) B0JJ / *^0|l 

2 

(Mikhailovskil ,  1974)  and  using  BQjj  »  0.5  G  and  **  8p  amps/m 

(Ossakow  and  Chati’rvedi,  1979)  we  find  that  L„  ~  5000  km.  Since  the 
■  — —  s 

density  gradient  scale  length  (Ln  ■  (d  in  nQ/dy)  *)  is  Ln  ~  10-100  km 

we  obtain  L  /L  ~  50-500.  Thus,  a  weak  magnetic  shear  can  exist  in  the 
s  n 

diffuse  auroral  region.  However,  since  the  current  convective  modes 
are  predominantly  field  aligned  (i.e.,  k||  <<  k^),  even  a  weak  magnetic 
shear  can  have  an  important  influence  on  them.  The  two  major  results 
of  our  calculation  are  that  magnetic  shear  (i)  reduces  the  growth  rate 
of  the  current  convective  instability,  and  (2)  strongly  localizes  the 
mode  in  the  north-south  direction. 


II .  THEORY 

The  physical  configuration  we  consider  is  described  as  follows. 
The  ambient  magnetic  field  is  B  »  BA  e  +  B  (y)  e  where  B  is 
produced  by  JQjj  and  Bq  »  Bqx.  The  density  varies  in  the  y  direction 
(north-south)  and  a  field  aligned  current  exists  -  JQ||  ez. 
Following  Ossakow  and  Chaturvedl  (1979) ,  the  basic  set  of  equations  we 
use  is 
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u 
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where  a  denotes  the  species  (e:  electrons,  i:  ions),  n  is  the  density, 

V  is  the  velocity,  v  is  the  collision  frequency,  e  is  the  charge. 

«  -  |e  |b  /m  c,  J  is  the  current  and  V.  ii  is  the  diffuse  auroral  pre- 

cipitation  velocity  along  JB.  Note  that  V^y  ■  V^y  -  V^y  and  we  have 

chosen  a  reference  frame  such  that  V^y  -0.  We  neglect  inertial  and 

temperature  effects,  and  the  electron  Pedersen  drift  compared  to  the 

ion  Pederson  drift.  In  Eqs.  (3)  and  (4)  we  assume  represents  ion- 

neutral  collisions  and  \)g  represents  electron-ion  collisions. 

Equations  (1)  -  (4)  are  valid  in  the  high  latitude  F  region  where 

v  /fl  <<  1. 
a  a 

We  linearize  Eqs.  (1)  -  (4)  using  n  *  nQ(y)  +  4n,  JE  *  - 
v  -  +  6v  and  assume  perturbed  quantities  vary  as  exp[i(kxx  +  kyy  + 

k  z  -wt)].  Making  use  of  quasineutrality,  we  find  from  the  electron 


continuity  equation  and  V*dJ  ■  0  that 


[Vi  L'  .ik*)+£(k 

L  W  \  ve2/  Ri  : 


2  +  k  2)  +  k 
x  y 


(5) 


where  Vd  -  Vloy  -  Veoy  -  vioy»  en  -  d  in  nQ/dy  and  we  have  assumed 

e  «  k  .  Note  that  the  local  dispersion  equation  is  recovered  by  set* 
n  y 

ting  the  bracketed  quantity  in  Eq.  (5)  equal  to  zero  (using  ky  -  0). 
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We  cm  obtain  a  differential  equation  for  6$  which  describee  the 
non-local  soda  structure,  including  the  effect  of  magnetic  shear,  by 
making  the  following  identifications  (Mikhallovskli ,  1972) 

ky2  -  -  d2/dy2;  kg  -  kx(y/Lg) 


We  find  that 


Q(w,kx,y)«*  -  0 


where 
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Since  the  mode  is  almost  purely  growing  («r  «  y  where  u 
we  can  approximate  Q  by 


Qr 

*1 


*  L.  vi  kx 


k  v .  n. 
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where  Q  ■  QR  +  iQ^.  For  the  parameters  of  interest  we  note  that 

Qj  «  Qr  (to  be  justified  a  posteriori) 

~  -1 
We  now  let  y  “  y/Ln  and  tg  -  Lg/Ln  where  Ln  -  l/en  -  (d  in  nQ/dy) 

and  rewrite  Eq.  (6)  as 

A  +  [B  -  C(y-yM)2]«4>  -  0  (10) 

dy2  M 

where 
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A  -  1/k  2L  2 

X  tt 


Here,  is  the  position  of  the  minimum  in  the  potential  well  Q. 

Equation  (10)  is  in  the  form  of  Weber's  equation  and  the  elRenfrequency 
is  defined  by 

B  -  (2m  +  lMAC)1*  (11) 


where  m  is  the  mode  number  (i.e.,  m  -  0,1,2,...).  Thus  the  growth  rate 
of  the  current  convective  instability,  including  the  effect  of  magnetic 
shear,  is  found  to  be 


Y  -  Y„/(l  +  (2m  +  DAg)*5 


(12) 


where 


(13) 


(14) 


Mote,  in  the  limit  l  •*  •  (i.e. ,  no  shear)  that  A  0  and  Eq.  (12) 

S  8 

reduces  to  the  expression  obtained  by  Ossakow  and  Chaturvedi  (1979) 
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for  the  maximum  growth  rate  based  upon  local  theory.  Also,  we  find 


that  the  effective  k associated  with  the  fundamental  mode  (m*0)  to  be 


keff  -  k  (y Jl  )  “  -  kL„(l  +  A  )** 
z  xwM  s  zM  s 


(16) 


where 


kL  *  k 
zM  x 


-»S 


(17) 


is  the  value  of  kz  for  the  maximum  growing  mode  from  local  theory. 
Moreover,  the  fundamental  mode  is  localized  about 

-*s 


yM-  -  1  — 


(1  +  A  ) 


(18) 


within  a  region 


rtp  "  yM  £  I  k  2l 
r  I  x 
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III.  DISCUSSION 

We  now  apply  our  results  for  typical  ionospheric  conditions  during 

the  diffuse  aurora  to  assess  the  influence  of  magnetic  shear  on  the 

current  convective  instability.  We  choose  Ln  »  50  km,  Ls  «*  3000  km, 

v./fl,  ■  v  /Q«  10  k  «  1  km  *  and  V,  «  500  m/sec.  We  find  that  the 
l  l  e  e  x  a 

-3  -1 

growth  rate  of  the  fundamental  mode  is  y  w  2  x  10  sec  which  is  a 
factor  of  2  smaller  than  that  obtained  from  shearless  local  theory. 
Higher  order  modes  have  somewhat  lover  growth  rates.  Thus,  although 
the  growth  rate  has  been  reduced  by  shear  effects,  it  is  still  suffi¬ 
ciently  large  to  account  for  the  observed  scintillation  enhancements. 

The  mode  is  localized  in  the  north-south  direction  within  a  region 
Ay  *  2  x  10  «  1.0  km.  Moreover,  if  we  define  an  effective  ky  as 
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This  result  indicates  the 


.mum  pun.!* 


ke^  <*  2n/Ay  we  obtain  ke^  «  6  km  ^  >  k  . 

y  J  y  X 

strong  two  dimensional  structure  of  the  mode  in  the  plane  perpendicular 
to  the  magnetic  field  during  the  linear  phase  of  the  instability. 

Finally,  several  aspects  of  the  present  analysis  deserve  mention. 
First,  we  have  neglected  the  ambient  electric  field  which  is 
generally  directed  west  or  northwest  in  the  diffuse  aurora.  (Note 
that  the  plasma  is  stable  to  the  standard  JJ  x  B  drift  instability). 

This  assumption  is  valid  in  the  limit  | >>(kxcEo/BQ)v^/n^  which  is 

gf  £ 

satisfied  for  k  «  k  .  However,  because  k  varies  in  the  y  direction, 
2  z  z 

it  is  possible  that  this  condition  breaks  down  in  part  of  the  mode 

localization  region.  Moreover,  for  the  geometry  under  consideration, 

E  is  a  stabilizing  effect  and  we  anticipate  that  including  E  in  the 
— o  — o 

theory  will  reduce  the  growth  rate  slightly  (Eq.  (12))  and  skew  the 
mode  structure  of  the  eigenfunctions.  We  will  discuss  this  effect  in 
more  detail  in  a  later  publication.  Secondly,  we  have  ignored  the 
spatial  dependence  of  the  density  and  considered  mode  localization  only 
due  to  shear.  We  have  investigated  the  nonlocal  behavior  of  the  current 
convective  instability  for  a  density  profile  n(y)  *  nQ  +  An  tanh(y/X) 
(with  An  ~  nQ/2)  in  a  shearless  magnetic  field.  We  find  that  the 
eigenmodes  are  localized  in  a  region  Ay  ^  X/4  **  Ln/4  and  that  the 
fundamental  eigenfrequency  agrees  well  with  the  local  theory.  Thus, 
for  ionospheric  conditions  in  the  diffuse  aurora,  the  mode  structure 
is  determined  by  magnetic  shear  and  the  neglect  of  the  spatial  depend¬ 
ence  of  density  is  justified.  And  finally,  inertia  and  diffusion 
damping  should  be  considered  in  a  more  comprehensive  analysis.  Again, 
we  defer  a  discussion  of  these  effects  to  a  future  report. 
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IV.  SUMMARY 


In  conclusion,  we  have  considered  the  influence  of  magnetic  shear 
on  the  current  convective  instability  for  conditions  typical  of  the 
high  latitude  F  region  during  the  diffuse  aurora.  We  find  that  mag¬ 
netic  shear  (1)  reduces  the  growth  rate  of  the  instability  from  its 
value  based  upon  shearless,  local  theory  and  (2)  substantially 
localizes  the  mode  structure  in  the  north-south  direction.  This  final 
result  Indicates  that  the  mode  structure  is  two  dimensional  in  the 
plane  perpendicular  to  the  magnetic  field  during  the  linear  phase  of 
the  instability.  However,  since  the  scintillation  enhancements  occur 
over  a  region  >  100  km  in  the  north-south  direction  (Rino  et  al . ,  1978) 
a  nonlinear  mechanism  is  required  to  spread  or  convect  the  shear 
localized  turbulence  over  this  much  larger  region. 


ACKNOWLEDGEMENTS 

We  thank  P.  K.  Chaturvedl,  T.  Gladd  and  J.  F.  Drake  for  several 


helpful  discussions.  This  work  was  supported  by  the  Defense  Nuclear 
Agency  and  the  Office  of  Naval  Research. 


REFERENCES 


Chaturvedi,  P.  K.  and  S.  L.  Ossakow,  Nonlinear  stabilization  of  the 
current  convective  instability  in  the  diffuse  aurora,  Geophys.  Res. 
Lett.,  6,  957,  1979. 

Fremouw,  E.  J.,  C.  L.  Rino,  R.  C.  Livingston  and  M.  C.  Cousins, 

A  persistent  subauroral  scintillation  enhancement  observed  in 
Alaska,  Geophys.  Res.  Lett.,  4^  539,  1977. 

Kadomtsev,  B.  B. ,  Plasma  Turbulence,  Academic  Press,  New  York, 
pp.  11-15,  1965. 

Mikhailovskii,  A.  B.,  Theory  of  Plasma  Instabilities:  Vol.  II, 
Consultants  Bureau,  New  York,  pp.  151-175,  1974. 

Ossakow,  S.  L.  and  P.  K.  Chaturvedi,  Current  convective 
instability  in  the  diffuse  aurora,  Geophys .  Res .  Lett . ,  6^,  332, 

1979. 

Rino,  C.  L.,  R.  C.  Livingston  and  S.  J.  Mathews,  Evidence  for 
sheet-like  auroral  ionospheric  irregularities,  Geophys .  Res .  Lett . , 
5,  1039,  1978. 

Ross,  D.  W.  and  S.  M.  Mahajan,  Are  drift-wave  eigen  modes  unstable?, 
Phys.  Rev.  Lett.,  40,  324,  1978. 

Tsang,  K.  T.,  P.  J.  Catto,  J.  C.  Whitson  and  J.  Smith,  'Absolute 
universal  instability'  is  not  universal,  Phys.  Rev.  Lett.,  40,  327, 


DISTRIBUTION  LIST 


DEPARTMENT  OP  DEFENSE 


ASSISTANT  SECRETARY  OF  DEFENSE 
COMM,  CMD,  CONT  t  INTELL 
WASHINGTON,  D.C.  20301 

OICY  ATTN  d,  BABCOCK 
01CY  ATTN  M.  EPSTEIN 

ASSISTANT  TO  THE  SECRETARY  OF  DEFENSE 
ATOMIC  ENERGY 
WASHINGTON,  D.C.  20301 

OICY  ATTN  EXECUTIVE  ASSISTANT 

DIRECTOR 

COMMA!*)  CONTROL  TECHNICAL  CENTER 
PENTAGON  RM  BE  685 
WASHINGTON,  D.C.  20301 
OICY  ATTN  C-650 
OICY  ATTN  C— 312  R.  MASON 

DIRECTOR 

DEFENSE  AOVANCED  RSCH  PROd  AGENCY 
ARCHITECT  BUILDING 
1400  WILSON  BLVD. 

ARLINGTON,  VA.  22209 

OICY  ATTN  NUCLEAR  MONITORING  RESEARCH 
OICY  ATTN  STRATEGIC  TECH  OFFICE 

DEFENSE  COMMUNICATION  ENGINEER  CENTER 
1860  WIEHLE  AVENUE 
RESTON,  VA.  22090 

OICY  ATTN  CODE  R820 

OICY  ATTN  CODE  R410  JAMES  W.  MCLEAN 

OICY  ATTN  CODE  R720  d.  WORTHINGTON 

DIRECTOR 

DEFENSE  COMMUNICATIONS  AGENCY 
WASHINGTON,  D.C.  20305 

(ADR  CNWDI:  ATTN  COOE  240  FOR) 

OICY  ATTN  COOE  1018 

DEFENSE  DOCUMENTATION  CENTER 
CAMERON  STATION 
ALEXAMORIA,  VA.  22514 

(12  COPIES  IF  OPEN  PUBLICATION,  OTHERWISE  2 
12CY  ATTN  TC 


01 RECTOR 

DEFENSE  INTELLIGENCE  AGENCY 
WASHINGTON,  D.C.  20301 


OICY 

ATTN  DT-1B 

OICY 

ATTN  DB-4C 

e. 

O'FARRELL 

OICY 

ATTN  DIAAP 

A. 

WISE 

OICY 

ATTN  DIAST- 

5 

OICY 

ATTN  DT-1BZ 

R 

.  MORTON 

OICY 

ATTN  HQ-TR 

J. 

STEWART 

OICY 

ATTN  W.  WITT IG 

DC-70 

DIRECTOR 

DEFENSE  NUCLEAR  AGENCY 
WASHINGTON,  D.C.  20305 
OICY  ATTN  STVL 
04CY  ATTN  TITL 
OICY  ATTN  DOST 
03CY  ATTN  RAAE 


COMMNCER 
FIELD  COMMAM) 
defense  nuclear  agency 
KIRTLAM)  AFB,  NM  87115 
OICY  ATTN  FCPR 

DIRECTOR 

INTERSERVICE  NUCLEAR  WEAPONS  SCHOOL 
KIRTLAM©  AFB,  NM  87115 

OICY  ATTN  DOCUMENT  CONTROL 

dOINT  CHIEFS  OF  STAFF 
WASHINGTON,  D.C.  20301 

OICY  ATTN  d-3  WWCCS  EVALUATION  OFFICE 

DIRECTOR 

dOINT  STRAT  TGT  PLANNING  STAFF 
OFFUTT  AFB 
OMAHA,  NB  68113 

OICY  ATTN  JLTW-2 
OICY  ATTN  dPST  G.  GOETZ 

CHIEF 

LIVERMORE  DIVISION  FLD  COMMA!*)  ONA 
DEPARTMENT  OF  DEFENSE 
LAWRENCE  LIVERMORE  LABORATORY 
P.  0.  BOX  808 
LIVERMORE,  CA  94550 
OICY  ATTN  FCPRL 


DIRECTOR 

NATIONAL  SECURITY  AGENCY 

DEPARTMENT  OF  DEFENSE 

FT.  GEORGE  G.  MEADE,  MO  20755 

OICY  ATTN  JOHN  SKILLMAN  R52 
OICY  ATTN  FRAMC  LEONARD 
OICY  ATTN  W14  PAT  CLARK 
OICY  ATTN  OLIVER  H.  BARTLETT  W32 
OICY  ATTN  R5 

COMMAFOANT 

NATO  SCHOOL  (SHAPE) 

APO  NEW  YORK  09172 

OICY  ATTN  U.S.  DOCUMENTS  OFFICER 

UNDER  SECY  OF  DEF  FOR  RSCH  (  ENGRG 
DEPARTMENT  OF  DEFENSE 
WASHINGTON,  D.C.  20301 

OICY  ATTN  STRATEGIC  (  SPACE  SYSTEMS  (OS) 

WWMCCS  SYSTEM  ENGINEERING  ORG 
WASHINGTON,  D.C.  20305 

OICY  ATTN  R.  CRAWFORD 

COMMANDER/DIRECTOR 
ATMOSPHERIC  SCIENCES  LABORATORY 
U.S.  ARMY  ELECTRONICS  COMMAND 
WHITE  SAMOS  MISSILE  RANGE,  NM  88002 
OICY  ATTN  DELAS-EO  F.  NILES 

DIRECTOR 

BHD  ADVANCED  TECH  CTR 
HUNTSVILLE  OFFICE 
P.  0.  BOX  1500 
HUNTSVILLE,  AL  35807 

OICY  ATTN  ATC-T  MELVIN  T.  CAPPS 
OICY  ATTN  ATC-0  W.  DAVIES 
OICY  ATTN  ATC-R  DON  RUSS 
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PROGRAM  MANAGER 
BH>  PROGRAM  OFFICE 
$001  ElSEtMOWER  AVENUE 
ALEXANDRIA,  VA  22333 

OICY  ATTN  OACS-OMT  J.  SHEA 

CHIEF  C-E  SERVICES  01V1S10N 
U.S.  ARMY  COMMMICATiONS  CM) 

PENTAGON  RM  10269 
WASHINGTON,  D.C,  20310 

01CY  ATTN  C-E-SERVICES  DIVISION 


COMMAMCR 

FRAOCOM  TECHNICAL  SUPPORT  ACTIVITY 
DEPARTMENT  OF  THE  ARMY. 

FORT  MONMOUTH,  N.J.  07703 

01CY  ATTN  ORSEL-NL-RD  H.  BE  WET 
01CY  ATTN  ORSEL-PL-ENV  H.  BONCE 
01CY  ATTN  J.  E.  QUIGLEY 


COMNAfOER 

HARRY  DIAMOND  LABORATORIES 
DEPARTMENT  OF  THE  ARMY 
2800  POWDER  MILL  ROAD 
AOELPHI,  MD  20783 

(cnudi-inner  envelope:  attn:  oelhd-r*o 

01CY  ATTN  DELHD-TI  M.  WEINER 

01CY  ATTN  DELHD-RB  R.  WILLIAMS 

01CY  ATTN  DELHD-NP  F.  W1HENIT2 

01CY  ATTN  OELHO-NP  C.  MOA2ED 


COMMADOER 

U.S.  ARMY  COMM-ELEC  ENGRG  INSTAL  ACY 
FT.  HUACHUCA,  A Z  8S615 

01CY  ATTN  CCC-EMEO  GEORGE  LAfC 


COWAA0EA 

U.S.  ARMY  FOREIGN  SCIENCE  t  TECH  CTR 
220  7TH  STREET,  NE 
CHARLOTTESVILLE,  VA  22901 
01CY  ATTN  DRXST-SD 
01CY  ATTN  R.  JONES 


COMMANDER 

U.S.  ARMY  MATERIEL  DEV  t  READINESS  CMD 
$001  EISEWOWER  AVENUE 
ALEXANDRIA,  VA  22333 

OICY  ATTN  ORCLOC  J.  A.  BENDER 


COMMANDER 

U.S.  ARMY  NUCLEAR  and  CHEMICAL  AGENCY 
7500  8ACICLIOC  ROAD 
BLDG  2073 

SPRINGFIELD,  VA  22150 
OICY  ATTN  LIBRARY 

OIRECTOR 

U.S.  ARMY  BALLISTIC  RESEARCH  LABS 
ABERDEEN  PROVING  GROUND,  M>  2100$ 

OICY  ATTN  TECH  LIB  EDWARD  BAICY 

COMMANDER 

U.S.  ARMY  SATCOM  AGENCY 
FT.  MOAMOUTH,  NJ  07703 

OICY  ATTN  DOCUMENT  CONTROL 

COMMANDER 

U.S.  ARMY  MISSILE  INTELLIGENCE  AGENCY 
REDSTONE  ARSENAL,  AL  35809 
OICY  ATTN  JIM  GAA6LE 


OIRECTOR 

U.S.  ARMY  TRADOC  SYSTEMS  ANALYSIS  ACTIVITY 
WHITE  SANDS  MISSILE  RANGE,  AM  00002 
OICY  ATTN  ATAA-SA 

OICY  ATTN  TCC/F.  PAYAN  JR. 

OICY  ATTN  ATAA-TAC  LTC  J.  HESSE 

COMAWAOER 

NAVAL  ELECTRONIC  SYSTEMS  COWAND 
WASHINGTON,  D.C.  20360 

01CT  ATTN  NAVALEX  036  T.  HUGHES 
OICY  ATTN  PNE  117 

OICY  ATTN  PK  L 17  —T 

OICY  ATTN  COOE  5011 

COMMANDING  OFFICER 
NAVAL  INTELLIGENCE  SUPPORT  CTR 
6301  SUITLAND  ROAD,  BLDG.  5 
WASHINGTON,  D.C.  20390 


oicr 

ATTN  MR.  DUBBIN 

STIC  12 

01CT 

ATTN  NISC-50 

oicr 

ATTN  COOE  5606 

J.  galet 

COMMANDER 

NAVAL  OCEAN  SYSTEMS  CENTER 

SAN  DIEGO, 

CA  921S2 

03CY 

ATTN  COOE  532  1 

V.  HOLER 

OICY 

ATTN  COOE  0230 

C.  BAGGETT 

OICY 

ATTN  CODE  81  R 

.  EASTMAN 

DIRECTOR 

NAVAL  RESEARCH  LABORATORY 

WASHINGTON. 

,  D.C.  2037$ 

oicr 

ATTN  CODE  6700 

TIMOTHY  P.  COFFEY 

(25  CYS 

IF  UNCLASS,  1  CY 

IF  CLASS) 

OICY 

ATTN  COOE  6701 

JACK  D.  BROWN 

01CT 

ATTN  COOE  6780 

BRANCH  HEAD  (150  CYS 

IF  UNCLASS,  1  CY 

IF  CLASS) 

01CT 

ATTN  CODE  7500 

HQ  COHM  DIR  BRUCE  WALD 

OICY 

ATTN  CODE  7550 

J.  DAVIS 

OICY 

ATTN  CODE  7580 

OICY 

ATTN  COOE  7551 

OICY 

ATTN  COOE  7555 

OICY 

ATTN  COOE  6730 

E.  MCLEAN 

OICY 

ATTN  COOE  6127 

C.  JOHNSON 

COWANDER 

NAVAL  SEA  SYSTEMS  COMMAND 

WASHINGTON, 

D.C.  20362 

OICY  ATTN  CAPT  R.  PITKIN 


COMMANDER 

NAVAL  SPACE  SURVEILLANCE  SYSTEM 
DAHLGREN,  VA  22668 

01CT  ATTN  CAPT  J.  H.  BURTON 

OFFICER- IN-CHARGE 
NAVAL  SURFACE  WEAPONS  CENTER 
WITE  OAK,  SILVER  SPRING,  AC  20910 
OICY  ATTN  COOE  F31 

DIRECTOR 

STRATEGIC  SYSTEMS  PROJECT  OFFICE 
DEPARTMENT  OF  THE  NAVY 
WASHINGTON,  D.C.  20376 
01CT  ATTN  NSP-2161 
01CT  ATTN  NSSP-2722  FRED  WIMBERLY 

NAVAL  SPACE  SYSTEM  ACTIVITY 
P.  0.  BOX  92960 
WORLDWAY  POSTAL  CENTER 
LOS  ANGELES,  CALIF.  90009 

OICY  ATTN  A.  8.  HA22ARD 
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COEWCCft 

NAVAL  SURFACE  WEAPONS  CENTER 
DAHLGREN  LABORATORY 
OAHLGREN,  VA  22448 

01CY  ATTN  COOE  OF-14  R.  BUTLER 


tCADQUARTERS 

ELECTRONIC  SYSTEMS  OIVISION/YSEA 
DEPARTMENT  OF  THE  AIR  FORCE 
HANSCOM  AFB,  MA  01731 
OICY  ATTN  YSEA 


COMMANDING  OFFICER 
NAVY  SPACE  SYSTEMS  ACTIVITY 
P.O.  BOX  92960 
WORLDWAY  POSTAL  CENTER 
LOS  ANGELES/  CA.  90009 
OICY  ATTN  CODE  52 


FEAOQUARTERS 

ELECTRONIC  SYSTEMS  DIVISION/DC 
DEPARTMENT  OF  THE  AIR  FORCE 
HANSCOM  AFB,  MA  01751 

01CY  ATTN  DCKC  MAJ  J.C.  CLARK 


OFFICE  OF  NAVAL  RESEARCH 
ARLINGTON,  VA  22217 

01CY  ATTN  COOE  465 
01CY  ATTN  COOE  461 
01CY  ATTN  COOE  402 
01CY  ATTN  COOE  420 
01CY  ATTN  COOE  421 

COHMNDER 

AEROSPACE  DEFENSE  COMMAND /DC 
DEPARTMENT  OF  THE  AIR  FORCE 
ENT  AFB,  CO  80912 

01CY  ATTN  DC  MR.  LONG 

COMMANDER 

AEROSPACE  DEFENSE  COMMAND /XPO 
DEPARTMENT  OF  THE  AIR  FORCE 
ENT  AFB,  CO  80912 

01CY  ATTN  XPDQQ 
01CY  ATTN  XP 

AIR  FORCE  GEOPHYSICS  LABORATORY 
01731 


coniAJjocn 

FOREIGN  TECHNOLOGY  DIVISION,  AFSC 
WRIGHT-PATTERSON  AFB,  OH  45433 
01CY  ATTN  NICD  LIBRARY 
01CY  ATTN  ETOP  B.  BALLARD 

CORIANDER 

ROME  AIR  DEVELOPMENT  CENTER,  AFSC 
GRIFF I SS  AFB,  NY  13441 

01CY  ATTN  DOC  LIBRARY /TSU) 
01CY  ATTN  OCSE  V.  COYNE 

SAMSO/SZ 

POST  OFFICE  BOX  92960 
WORLDWAY  POSTAL  CENTER 
LOS  ANGELES,  CA  90009 
(SPACE  DEFENSE  SYSTEMS) 

01CY  ATTN  SZJ 


STRATEGIC  AIR  COMMAND/XPFS 
OFFUTT  AFB,  NB  68113 

OICY  ATTN  XPFS  MAJ  B.  STEPHAN 
01CY  ATTN  AOWATE  MAJ  BRUCE  BAUER 


OICY 

ATTN  OPR 

HAROLD  GARDNER 

OICY  ATTN 

NRT 

OICY 

ATTN  OPR- 

■1  JAMES  C.  ULWICK 

OICY  ATTN 

DOK  CHIEF 

SCIENTIST 

OICY 

ATTN  1KB 

XEN4ETH  S.  W.  CHAMPION 

OICY 

ATTN  OPR 

ALVA  T.  STAIR 

SAMSO/YA 

OICY 

ATTN  PH P 

JULES  AARONS 

P.  0.  BOX  92960 

OICY 

ATTN  PHD 

JURGEN  BUCHAU 

WORLDWAY  POSTAL 

CENTER 

OICY 

ATTN  PHO 

JOHN  P.  MULLEN 

LOS  ANGELES,  CA 

90009 

OICY  ATTN 

YAT  CAPT 

L.  BLACKWEUDER 

A F  WEAPONS  LABORATORY 
KIRTLAN)  AFB,  Mi  87117 


01CT 

ATTN 

SUL 

OICY 

ATTN 

CA 

ARTHUR  H.  GUENTHER 

OICY 

ATTN 

OYC 

CAPT  J.  BARRY 

OICY 

ATTN 

OYC 

JOHN  M.  KAMM 

OICY 

ATTN 

OYT 

CAPT  MARX  A.  FRY 

OICY 

ATTN 

oes 

MAJ  GARY  GANONG 

OICY 

ATTN 

DYC 

J.  JANN1 

AFTAC 

PATRICK  AFB,  FL  32925 

OICY  ATTN  TF  /MAJ  WILEY 
OICY  ATTN  TN 

AIR  FORCE  AVIONICS  LABORATORY 
WRIGHT-PATTERSON  AFB,  OH  45433 
OICY  ATTN  AAD  WADE  HUNT 
OICY  ATTN  AAD  ALLEN  JOHNSON 

DEPUTY  CHIEF  OF  STAFF 
RESEARCH,  DEVELOPMENT,  S  ACQ 
DEPARTMENT  OF  THE  AIR  FORCE 
WASHINGTON,  D.C.  20330 
OICY  ATTN  AFRDQ 

HEADQUARTERS 

ELECTRONIC  SYSTEMS  DIVISION/XR 
DEPARTMENT  OF  THE  AIR  FORCE 
HANSCOM  AFB,  MA  01731 

OICY  ATTN  XR  J.  DEAS 


SAMSO/SK 
°.  O.  BOX  92960 
WORLDWAY  POSTAL  CENTER 
LOS  ANGELES,  CA  90009 

OICY  ATTN  SKA  (SPACE  COMM  SYSTEMS)  M.  CLAV1N 
SAMSO/FN 

NORTON  AFB,  CA  92409 
(MINUTEMAN) 

OICY  ATTN  MNNL  LTC  KEWCDY 
COMMANDER 

ROME  AIR  DEVELOP* NT  CENTER,  AFSC 
HANSCOM  AFB,  MA  01731 

OICY  ATTN  EEP  A.  LORENTZEN 


DEPARTFtNT  OF  ENERGY 
ALBUQUERQUE  OPERATIONS  OFFICE 
P.  0.  BOX  5400 
ALBUQUERQUE,  NM  87115 

OICY  ATTN  DOC  CON  FOR  D.  SHERWOOD 

DEPARTMENT  OF  ENERGY 
LIBRARY  ROOM  G-042 
WASHINGTON,  D.C.  20545 

OICY  ATTN  DOC  CON  FOR  A.  LABOWITZ 


13 


ECU,  INC. 

LOS  ALAM8K  DIVISION 

P.  0.  BOX  (09 

LOS  ALAMOS,  Ml  85544 

OICY  ATTN  OOC  CON  FOR  J.  BREEDLOVE 

UNIVERSITY  OF  CALIFORNIA 
LANRENCE  LIVERMORE  LABORATORY 
P.  0.  BOX  SOS 
LIVERMORE,  CA  94550 

01CY  ATTN  OOC  CON  FOR  TECH  11*0  OEPT 
01CY  ATTN  DOC  CON  FOR  L-S89  R.  OTT 
01CY  ATTN  DOC  CON  FOR  L-Jl  R.  HALER 
01CY  ATTN  OOC  CON  FOR  L-46  F.  SEWARD 

LOS  ALAMOS  SCIENTIFIC  LABORATORY 

P.  0.  BOX  1663 

LOS  ALAMOS,  NM  87545 

01CY  ATTN  DOC  CON  FOR  J.  WOLCOTT 
01CY  ATTN  DOC  CON  FOR  R.  F.  TASCHBC 
01CY  ATTN  DOC  CON  FOR  E.  JOWS 
01CY  ATTN  DOC  CON  FOR  J.  MALIK 
01CY  ATTN  OOC  CON  FOR  R.  JEFFRIES 
01CY  ATTN  OOC  CON  FOR  J.  ZIMV 
01CY  ATTN  OOC  CON  FOR  P.  KEATON 
OICY  ATTN  OOC  CON  FOR  D.  WESTERVELT 

SAMHA  LABORATORIES 
P.  0.  BOX  5800 
ALBUQUERQUE,  NM  87115 

OICY  ATTN  DOC  CON  FOR  J.  MARTIN 

OICY  ATTN  DOC  CON  FOR  W.  BROWN 

OICY  ATTN  DOC  CON  FOR  A.  THORNBROUGH 

OICY  ATTN  DOC  CON  FOR  T.  WRIGHT 

OICY  ATTN  DOC  CON  FOR  0.  OAHLGREN 

OICY  ATTN  DOC  CON  FOR  3141 

OICY  ATTN  OOC  CON  FOR  SPACE  PROJECT  DIV 


SAM)  I A  LABORATORIES 
LIVERMORE  LABORATORY 
P.  0.  BOX  969 
LIVERMORE,  CA  94550 

OICY  ATTN  OOC  CON  FOR  8.  MURPHEY 
OICY  ATTN  DOC  CON  FOR  T.  COOK 

OFFICE  OF  MILITARY  APPLICATION 
DEPARTMENT  OF  EMERGY 
WASHINGTON,  O.C.  20545 

OICY  ATTN  OOC  CON  FOR  0.  GALE 


OTHER  GOVERNMENT 


CENTRAL  INTELLIGENCE  AGENCY 
ATTN  RD/SI,  AM  5648,  HQ  BLDG 
WASHINGTON,  O.C.  20505 

OICY  ATTN  OSI/PSID  RM  5F  19 

DEPARTMENT  CF  COMMERCE 
NATIONAL  BUREAU  OF  STAMJAROS 
WASHINGTON,  O.C.  20234 

CALL  CORRES:  ATTN  SEC  OFFICER  FOR) 
OICY  ATTN  R.  MOORE 

INSTITUTE  FOR  TELECOM  SCIENCES 
NATIONAL  TELECOPMJNICATIONS  8  INFO  AOMIN 
BOULDER,  CO  80303 

OICY  ATTN  A.  JEAN  CUNCLASS  OH.Y) 
OICY  ATTN  W.  UTLAUT 
OICY  ATTN  0.  CROWE 
OICY  ATTN  L.  BERRY 


NATIONAL  OCEANIC  S  ATMOSPHERIC  AOMIN 
ENVIRONMENTAL  RESEARCH  LABORATORIES 
DEPARTMENT  OF  COMMERCE 
BOULOER,  CO  S0302 

OICY  ATTN  R.  GRUBB 

OICY  ATTN  AERON0M4Y  LAB  G.  REID 


DEPARTMENT  OF  DEFENSE  CONTRACTORS 

AEROSPACE  CORPORATION 
P.  0.  BOX  92957 
LOS  ANGELES,  CA  90009 

OICY  ATTN  I.  GARFUMKEL 
OICY  ATTN  T.  SALMI 
OICY  ATTN  V.  JOSEPHSON 
OICY  ATTN  S.  BOWER 
OICY  ATTN  N.  STOCKWELL 
OICY  ATTN  D.  OLSEN 
OICY  ATTN  J.  CARTER 
OICY  ATTN  F.  MORSE 
OICY  ATTN  SMFA  FOR  PWW 

ANALYTICAL  SYSTEMS  ENGINEERING  CORP 
5  OLD  CONCORD  ROAD 
BURLINGTON,  MA  01803 

OICY  ATTN  RADIO  SCIENCES 

BERKELEY  RESEARCH  ASSOCIATES,  INC. 

P.  0.  BOX  9S3 
BERKELEY,  CA  94701 

OICY  ATTN  J.  WORKMAN 

BOEING  CQMPANT,  THE 
P.  0.  BOX  3707 
SEATTLE,  WA  98124 

OICY  ATTN  G.  KEISTER 
OICY  ATTN  D.  MURRAY 
OICY  ATTN  G.  MALL 
OICY  ATTN  J.  KEMtCY 

CALIFORNIA  AT  SAN  DIEGO,  UNIV  OF 
IPAPS,  B-019 
LA  JOLLA,  CA  92093 

OICY  ATTN  HEMRY  G.  BOOKER 

BROWN  ENGINEERING  CCMPANY,  INC. 
CUMWINGS  RESEARCH  PARK 
HUNTSVILLE,  AL  35807 

OICY  ATTN  ROMEO  A.  DELIBERIS 

CHARLES  STARK  DRAPER  LABORATORY,  INC. 
555  TECHNOLOGY  SQUARE 
CAMBRIDGE,  MA  02139 

OICY  ATTN  D.  B.  COX 
OICY  ATTN  J.  P.  GILMORE 

COMFUTER  SCIENCES  CORPORATION 
6565  ARLINGTON  BLVD 
FALLS  CHURCH,  VA  22046 
OICY  ATTN  M.  BLANC 
OICY  ATTN  JOHN  SPOOR 
OICY  ATTN  C.  NAIL 


COMSAT  LABORATORIES 
LINTHICUM  ROAD 
CLARKSBURG,  MD  20734 
OICY  ATTN  G.  HYDE 

CORMFLL  UNIVERSITY 

DEPARTMENT  OF  ELECTRICAL  ENGIMEERING 
ITHACA,  NT  14S50 

OICY  ATTN  D.  T.  FARLEY  JR 
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ELECTROSPACE  SYSTEMS,  INC. 

BOX  1559 

RICHARDSON,  TX  750*0 

•ICY  ATTN  M.  LOGSTON 

01CY  ATTN  SECURITY  (PAUL  PHILLIPS) 

ESL  INC. 

AOS  JAVA  DRIVE 

Sunnyvale,  ca  94M6 

8 ICY  ATTN  J.  ROBERTS 
01CY  ATTN  JAMES  MARSHALL 
01CY  ATTN  c.  M.  PRETTIE 

PORO  AEROSPACE  t  CQMMJNI  CAT  [ONS  CORE 
5959  PARIAN  HAT 
PALO  ALTO,  CA  945G5 

01CY  ATTN  J.  T.  MATTINSLEY 

CEKRAL  ELECTRIC  COWANT 
SPACE  OIVISION 
VALLEY  FORGE  SPACE  CENTER 
COOOARO  BLVO  KINO  OP  PRUSSIA 
P.  0.  BOK  1555 
PHILADELPHIA,  PA  191*1 

01CY  ATTN  M.  M.  RORTKR  SPACE  SCI  LM 

GEKRAL  ELECTRIC  COMPANY 
P.  0.  SOX  1122 
SYRACUSE,  NY  15201 

01CY  ATTN  P.  RE  I  BERT 

GEKRAL  ELECTRIC  COWANY 
TEMPO-CENTER  FOR  ADVANCED  STUDIES 
116  STATE  STREET  (P.O.  ORAMER  QQ) 

SANTA  BARBARA,  CA  95102 
01CY  ATTN  QASIAC 
01CY  ATTN  DON  CHAKJLER 
01CY  ATTN  TOM  BARREn 
01CY  ATTN  TIM  STEPHANS 
01CY  ATTN  MARREN  S.  KNAPP 
01CY  ATTN  WILLIAM  MCNAMARA 
01CY  ATTN  8.  GAMILL 
01CY  ATTN  MACK  STANTON 

GENERAL  ELECTRIC  TECH  SERVICES  CO.,  INC. 

HHES 

COURT  STREET 
SYRACUSE.  NY  15201 

01CY  ATTN  G.  HILLMAN 


GENERAL  RESEARCH  CORPORATION 
SANTA  BARBARA  OIVISION 
P.  0.  BOX  6770 
SANTA  BARBARA,  CA  95111 

OICY  ATTN  JOHN  ISC  JR 
01CY  ATTN  JOEL  GARBARINO 

GEOPHYSICAL  INSTITUTE 
UNIVERSITY  OP  ALASKA 
FAIRBANKS,  AK  99701 

(ALL  CUSS  ATTN:  SECURITY  OFFICER) 
OICY  ATTN  T.  N,  OAVIS  (UNCL  ON.Y) 

OICY  ATTN  NEAL  BROWN  (UNCL  OM.Y) 

OICY  ATTN  TECHNICAL  LIBRARY 

GTE  SYLVANIA,  INC. 

ELECTRONICS  SYSTEMS  GRP-EA5TERN  OIV 
77  A  STREET 
NEEDHAM,  MA  02199 

OICY  ATTN  MARSHAL  CROSS 


ILLINOIS,  UNIVERSITY  OP 

OP  ELECTRICAL  INGINKRING 
URBAMA,  IL  61*05 

OICY  ATTN  K.  YEN 

ILLINOIS,  UNIVERSITY  OP 

1*7  COBLE  HALL 

SOI  S.  WRIGHT  STREET 

URRMM.  IL  6MRB 

CALL  CORKS  ATTN  SECURITY  SUPERVISOR  POR) 
OICY  ATTN  K.  Y*4 

INSTITUTE  POR  DCF  EKE  ANALYSES 
GOB  ARMY  MANY  DRIVE 
ARLINGTON,  VA  222*2 

OICY  ATTN  J.  M.  KIN 
•ICY  ATTN  ERKST  BAUER 
•ICY  ATTN  HANS  WOLPHARD 
OICY  ATTN  JOB.  BENGSTON 

MSS,  INC. 

2  ALFRED  CIRCLE 
BEDFORD,  MA  B175B 

OICY  ATTN  DONALD  HAABBH 

IMTL  TEL  S  TELEGRAPH  CORPORATION 
SOS  HASHIWTON  AVENUE 
NUTLET,  NJ  07110 

OICY  ATTN  TBOMICAL  LIBRARY 

JAYOOR 

1401  CANINO  DEL  MM 
DEL  MM,  CA  92014 


JONS  HOPKINS  UNIVERSITY 
APPLIED  PHYSICS  LABORATORY 
JOHNS  HOPKINS  ROAO 
LAUREL,  M>  20*10 

OICY  ATTN  OOCUCNT  LIBRARIAN 
OICY  ATTN  THOMAS  POTWRA 
OICY  ATTN  JON  OASSOULAS 

LOCKHEED  MISSILES  t  SPACE  CO  INC 
P.  0.  BOK  504 
SUYMYVALE,  CA  940BI 

OICY  ATTN  OEPT  60-12 
01CT  ATTN  0.  R.  CHURCHILL 

LOCKHEED  MISSILES  AK)  SPACE  CO  INC 
5251  HANOVER  STREET 
PALO  ALTO.  CA  94504 

OICY  ATTN  MARTIN  WALT  0O»T  52-10 
OICY  ATTN  RICHARD  C.  JOHNSON  OEPT  $2-12 
01CT  ATTN  W.  L.  I  MOP  OEPT  $2-12 

KAMAN  SCIENCES  COUP 
P.  0.  BOX  7465 
COLORADO  SPRINGS,  CO  *0955 
OICY  ATTN  T.  WASHER 

LIMCABIT  CORP 
10455  ROSELLE 
SAN  01  EGO,  CA  92121 

OICY  ATTN  IRWIN  JACOBS 

M.I.T.  LINCOLN  LABORATORY 
P,  0.  BOX  75 
LEXINGTON,  MA  02175 

OICY  ATTN  OAVIO  M.  TOWLE 
01CT  ATTN  P.  WALDRON 
SICT  ATTN  L.  LOUGHLIN 
OICY  ATTN  0.  CLARK 

MARTIN  MARIETTA  CORP 
ORUUCO  DIVISION 
P.  0.  BOX  5*57 
ORLAKJO,  PL  52BOS 

01CT  ATTN  R.  HEFFKR 


NCMMCU.  MOM  CORPOMTION 
33*1  ROLSA  AVENUE 
HtMTIMTON  MAO,  CA  I2**7 
•1CV  ATT*  N.  HAM  IS 
•1CV  ATT*  j.  HOULE 
•1CV  ATTN  MOW  MMI 
•ICV  ATTN  W.  OLSON 
•  ICV  ATTN  I.  W.  HAlPRIN 
01CV  ATTN  TtOMCAL  LIMA RY  SERVICES 


MISSION  RESEARCH  CORPORATION 

MS  STATC  STMCT 

SANTA  WMMA,  CA  •>!•! 

•la  ATTN  A.  A  |  fCMtt 

•lev  ATTN  W.  A.  CMVIM 

•la  ATTN  STEVEN  L.  GUTSOC 

•ICV  ATTN  0.  SAPPEM'IELO 

ua  ATTN  A.  EOGUSCH 

•ICV  ATTN  «.  HQMICK 

•ICV  ATTN  RALPH  AILS 

•ICV  ATTN  OWC  SONLC 

•la  ATTN  A.  PAJEN 

•ICV  ATTN  N.  SOCIEE 

•la  ATTN  COMM  L.  L0NCM1RE 

•ICV  ATTN  WARREN  A.  SCHUKT0I 

MITRE  CORPORATION,  TIC 
A.  0.  MR  20* 

HOMO  M  «|lu 

•ICV  ATTN  JONH  HORGANSTERN 
•ICV  ATTN  6.  HARDING 
•ICV  ATTN  C.  e.  CALLAHAN 

MITAt  CORA 

HESTCATE  AESEAACH  FARK 
1»2»  DOLLY  MADISON  (LTD 
MCLEAN,  VA  221(1 

•la  ATTN  H.  NALL 
•ICV  ATTN  M.  FOSTER 

FACIFIC-SIERRA  RESEARCH  CORA 
US*  CLOVE AFIEU)  RLVD. 

SANTA  MONICA,  CA  «•*•* 

•la  ATTN  C.  C.  FIELD  OR 


•  GO  associates 

P.  0.  MX  9*95 

MARINA  DEL  RET,  CA  90291 

•ia 

ATTN  FORREST  GILMORE 

•ia 

ATTN  BRYAN  GARRARD 

•ICY 

ATTN  WILLIAM  t.  MIGHT  Jt 

•lev 

ATTN  ROEERT  F.  LELEVIER 

•ia 

ATTN  WILLIAM  J.  KARZAS 

OICY 

ATTN  H.  ORT 

•1CT 

ATTN  C.  MACDONALD 

•la 

ATTN  R.  TURCO 

ARM)  CORAORATION,  TIC 
170*  MAIN  STREET 
SANTA  MONICA,  CA  90*0* 

•ICV  ATTN  CULLEN  CRAIN 
•ICV  ATTN  ED  0EDR02IAN 

RIVERSIDE  AESEAACH  INSTITUTE 
M  REST  CK>  AVENUE 
NBA  YORK,  NT  10021 

tia  ATTN  VINCE  TRAAANI 

SCIENCE  ARAL! CAT IONS,  INC. 

A.  0.  ROX  23S1 
LA  JOLLA,  CA  92031 

tia  ATT*  LEWIS  M.  LINSON 
•ICV  ATTN  DANIEL  A.  HAMLIN 
•ICY  ATTN  D.  SACHS 
•ICV  ATTN  t.  A.  STRAKER 
•ICV  ATT*  CURTIS  A.  SMITH 
•ICY  ATTN  JACK  HCDOUGALL 

RAYTHEON  CO. 

32«  ROSTOV  FOST  ROAD 
SUORURV,  HA  1177* 

01CY  ATTN  SARRARA  ADAMS 

SCIENCE  APPLICATION,  INC. 
HUNTSVILLE  DIVISION 
2109  n.  clintqn  avenue 
suite  700 

HkMTSVILLE,  AL  3SS0S 

•ICV  ATTN  DALE  H.  01  VIS 


REIMS VL VANIA  STATE  IMIVCRSITV 
lONOSAHERE  RESEARCH  LAR 
31S  ELECTRICAL  EUSMCERING  EAST 
UNIMRSITY  AARK,  AA  1*482 

(NO  CLASSIFIED  TO  THIS  ADORES S) 

01CY  ATTN  IONOSMCRIC  RESEARCH  LAO 

NOTOMTRICS,  INC. 

**2  HARRETT  ROAD 
LEXIICTON,  MA  02173 

•ICY  ATTN  IRVINS  L.  AOFSKT 

FHTSICAL  DYNAMICS  INC. 

F.  0.  ROM  3027 
BELLEVUE,  HA  9(009 

•ICV  ATTN  E.  U.  FAB  CUN 

FHTSICAL  DYNAMICS  INC. 

F.  0.  BOX  10*9 
BERKELEY,  CA  9*701 

OICY  ATTN  A.  THOMSON 


SCIENCE  APPLICATION,  INCORPORATED 
1*00  MESTFAIK  DRIVE 
MCLEAN,  VA  22101 

OICY  ATTN  U.  COCKAYNE 

SCIENCE  AMPLICATIONS,  INC. 

10  MISSION  DRIVE 
PLEASANTON,  CA  9*366 
CICT  ATTN  SZ 


SRI  INTERNATIONAL 
333  AAVCI6HOOO  AVENUE 
MEN.0  PARC,  CA  9*023 

•ICY  ATTN  DONALD  NEIL  SON 
Ota  ATT*  ALAN  BURNS 
•ICY  ATT*  6.  SMITH 
Ola  ATTN  L.  L.  COM 
OICY  ATTN  OAVID  A.  JOHNSON 
OICY  ATTN  HALTER  S.  OCSNUT 
•ICY  ATTN  CHARLES  L.  RINO 
OICY  ATTN  HALTER  JATE 
OICY  ATT*  M.  BARON 
OICY  ATTN  RAY  L.  LEAOAORAM) 
01CT  ATTN  G.  CARPENTER 
•ICY  ATTN  6.  FRtCE 
•la  ATTN  J.  PETERSON 
OICY  RTTN  R.  MRKE,  JR. 

OICY  ATTN  V.  GONZALES 
•ICY  ATTN  0.  MCDANIEL 


TEOOACLOGY  INTERNATIONAL,  corr 
75  WIGGINS  AVENUE 
BEDFORD,  HA  017)0 

01CY  ATTN  W.  P.  BOQUIST 

TRW  DEFENSE  S  SPACE  STS  GROUP 

OTC  SPACE  PARK 

REDOOO  BEACH,  CA  90270 

01CY  ATTN  R.  K.  PLEBUCH 
01CY  ATTN  S.  ALTSCHULER 
01CY  ATTN  0.  OEE 

visionc,  INC. 

19  THIRD  AVENUE 

north  west  iwustrial  park 

BURLINGTON,  HA  0100) 

01CT  ATTN  CHARLES  HUWTREY 
01CT  ATTN  d.  W.  CARPENTER 
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IONOSPHERIC  NOOELING  DISTRIBUTION  LIST 
UNCLASSIFIED  ONLY 


PLEASE  DISTRIBUTE  ONE  COPY  TO  EACH  OP  THE  FOLLOWING  PEOPLE: 

ADVANCED  RESEARCH  PROJECTS  AGENCY  (ARM)  COMUOER 

STRATEGIC  TECHNOLOGY  OFFICE  naval  AIR  SYSTEMS  COMMA*© 

ARLINGTON,  VIRGINIA  OEPARTfCNT  OF  T*C  NAVY 

WASHINGTON,  O.C.  10)40 

CAPT.  DONALD  M.  LEV  It* 

OR.  T.  CZUBA 


NAVAL  RESEARCH  LABORATORY 
WASHINGTON,  O.C.  10)7) 


OR.  P.  MANGE 
DR.  R.  MEIER 

OR.  E.  SZUSZCZEWICZ  •  CODE  4117 


HARVARD  UNIVERSITY 
HARVARD  SQUARE 
CAMM10GE,  MASS.  011SB 

OR.  M.  B.  MCELROY 
OR.  R.  LiieiEN 


OR.  J.  GOODMAN  -  CODE  7)40 


SCIENCE  APPLICATION,  INC. 
11)0  PROSPECT  PLAZA 
LA  JOLLA,  CALIFORNIA  910)7 

DR.  D.  A.  HAH. IN 
OR.  L.  LINSON 
OR.  0.  SACHS 


DIRECTOR  OF  SPACE  AN©  ENVIRONMENTAL  LABORATORY 
NOAA 

BOULDER,  COLORADO  80)01 

DR.  A.  GLENN  JEAN 
OR.  G.  W.  ADAMS 
DR.  D.  N.  AMJERSON 
OR.  K.  DAVIES 
OR.  R.  F.  DONNELLY 


PEMSYLVANIA  STATE  UNIVERSITY 
UNIWRSITY  PARK,  PENNSYLVANIA 

OR.  J.  S.  NISBET 
OR.  P.  R.  R0MBAUGH 
DR.  D.  E.  BARAN 
OR.  L.  A.  CARPENTER 
OR.  M.  LEE 
OR.  R.  DIVANY 
OR.  P.  BENNETT 
OR.  E.  KL  EVANS 


14801 


UNIVERSITY  OF  CALIFORNIA,  LOS  ANGELES 

4#)  hillgaro  avenue 

LOS  ANGELES,  CALIFORNIA  90014 

DR.  F.  V.  CORONIT1 
OR.  C.  KENNEL 


A.  F.  GEOPHYSICS  LABORATORY 
L.  G.  HANSOM  FIELD 
BEDFORD,  MASS.  017)0 


UNIVERSITY  of  CALIFORNIA,  BERKELEY 
BERKELEY,  CALIFORNIA  94710 


DR.  M.  HUOSCN 


OR.  T.  ELKINS 
OR.  W.  SWIOER 
MRS.  R.  SAGALYN 
OR.  J.  M.  FORBES 
OR.  T.  J.  KENESNCA 
OR.  J.  AARONS 


OFFICE  OF  NAVAL  RESEARCH 
800  NORTH  QUINCY  STREET 
ARLINGTON,  VIRGINIA  11117 

OR.  H.  MULLANEY 


UTAH  STATE  UNIVERSITY 
4TH  N.  AND  RTH  STREETS 
LOGAN,  UTAH  84512 

OR.  P.  M.  BANKS 
OR.  R.  HARRIS 
OR.  V.  PETERSON 
OR.  R.  rCGILL 
OR.  K.  BAKER 


CORNELL  UNIVERSITY 
ITHACA,  NEW  YORK  148)0 


COWttNDER 

NAVAL  ELECTRONICS  LABORATORY  CENTER 
SAN  DIEGO,  CALIFORNIA  921)2 

OR.  M.  BLEIWEISS 
OR.  I.  ROTHMJLLER 
OR.  V.  HILOEBRA*© 
m.  R.  ROSE 


OR.  W.  E.  SWARTZ 
OR.  R.  SUDAN 
OR.  0.  FARLEY 
OR.  M.  KELLEY 


MSA 

GOOOARO  SPACE  FLIGHT  CENTER 
GREEMELT,  MARYLAND  20771 


U.  $.  ARMY  ABERDEEN  RESEARCH  AMT  OCVELOPTCNT  CENTER 

ballistic  research  laboratory 

ABERDEEN,  MARYLAND 


OR.  S.  CMAMTRA 
OR.  K.  MAEDO 


OR.  J.  HEIICRL 
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